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EXECUTIVE SUMMARY

A case study was performed on a Caltrans concrete
rehabilitation project near Los Angeles on Interstate
10. The project was unique in that the contractor
had to remove and replace 2.8 lane-km of concrete
pavement in a 55-hour weekend closure. The exist-
ing cement treated base was not removed except in
places where it had deteriorated, and a fast setting
hydraulic cement concrete with a 4-hour opening
strength was used for the surface concrete. The con-
tractor used a concurrent working method in which
demolition and concrete paving occurred simulta-
neously and only a single lane was removed and
replaced. The contractor had only one standard
width construction access lane (3.7 m) and a shoul-
der width of less than 3.0 m.

The contractor successfully completed this 2.8
lane-km objective in 55 hours and was eligible for a
$500,000 bonus per the contract. The demolition
operation took 76 percent longer than planned, but
it did not delay the overall progress of the project.
The concrete paving activities, especially the con-
crete delivery and discharge, controlled the overall
progress of the 55-hour weekend project. In terms
of the number of slabs replaced per hour, the 55-hour
weekend closure was 54 percent faster than the av-
erage nighttime closure conducted by the same con-
tractor. The amount of the rehabilitation work
performed over the 55-hour extended closure would
have normally taken 2.5 weeks (16.4 days) of night-
time lane closures. If no work stoppages in the con-
crete paving had occurred, the maximum amount
of rehabilitated road would have been 3.5 lane-km.
In 10-hour nighttime closures, the contractor was
able to remove and replace 50 slabs on average com-
pared with 15 slabs for 7-hour nighttime closures.

During weekend daylight hours, traffic through
the construction zone was reduced by 30 to 60 per-
cent compared with normal weekend traffic volume.
During construction, the percentage of traffic divert-
ing to other routes doubled over normal diversion in
the daylight hours, but was only approximately 5
percent more than normal during the nighttime
hours. The reduced traffic volumes passing the con-
struction site indicated driver awareness of the week-
end construction window and traffic lane closures.
Caltrans did an excellent job of informing the public
of the project through local media outlets (radio,
newspapers, and television), signage, and brochures.

The construction productivity data from the
demolition and paving operation was used to vali-
date a constructability and productivity analysis
software coded by the University of California Ber-

keley (UCB). The average results from a determin-
istic and stochastic analysis were in agreement with
the actual project productivity. The stochastic analy-
sis showed that the expected range for the project
productivity was between 2.2 and 3.4 lane-km for a
68-percent confidence interval with the average pro-
ductivity being 2.8 lane-km.



Case Study of Urban Concrete Pavement
Reconstruction and Traffic Management
for the I-10 (Pomona, CA) Project

Report prepared for Innovative Pavement Research Foundation (IPRF)

by E.B. Lee, J.R. Roesler, J.T. Harvey, and C.W. Ibbs

CHAPTER 1
1.0 INTRODUCTION

1.1 CALTRANS LONG LIFE PAVEMENT
REHABILITATION STRATEGIES (LLPRS)

Many of the urban concrete pavements in Califor-
nia have exceeded their design lives and are close
to the end of their service lives. The reconstruction
and rehabilitation of these urban concrete pave-
ments provides many challenges to the California
Department of Transportation (Caltrans) and pave-
ment contractors. Caltrans wants a long-life con-
crete pavement that requires minimal maintenance
over its design life. Furthermore, Caltrans expects
the concrete pavement to be constructed efficiently
and with minimal user disruption. Caltrans has ini-
tially assumed fast-track construction of long-life
urban concrete pavements should resultin a reduced
life cycle cost, increased safety for users and agency
personnel, and reduced user delay costs. In order

University of California,Berkeley
Institute of Transportation Studies
Pavement Research Center

to properly assist Caltrans in completing this work,
contractors want to be reasonably confident that the
project can be completed within the tight guidelines
of fast-track construction with the added long-life
pavement features specified by Caltrans and still
make a profit.

Given that very little urban reconstruction has
been completed to date, information is needed to
determine which methodologies for pavement de-
sign, materials selection, traffic management, and
reconstruction strategies are most suitable to achieve
Caltrans objectives for long-life pavement and mini-
mum traffic delays. There is a need to investigate
and document construction projects and techniques
to better inform Caltrans, other road agencies, con-
tractors, and policy-makers as to which strategies
are most advantageous for concrete pavement re-
construction in an urban area. This report seeks to
provide some of that information.

Caltrans has undertaken a demonstration project
on I-10 in Pomona, CA (Los Angeles County). A
contractor was awarded the I-10 project to determine



how many lane-kilometers could be reconstructed
on an urban freeway during repeated nighttime
closures and one 55-hour weekend lane closure.

1.2 RESEARCH OBJECTIVES

The objective of the University of California at Ber-
keley (UCB) research was to complete a case study of
the I-10 Pomona project focusing on documentation
of the traffic management plan and construction pro-
cess for both nighttime and weekend closures. The
emphasis of this research project was to document
the techniques the contractor used to construct the
urban concrete pavement and identify which con-
struction areas were constraining the overall project
productivity (e.g., concrete curing time, concrete
delivery, concrete pavement demolition, etc.).

Identification of the constraining activities is
required in order to efficiently improve future con-
struction productivity by allowing contractors and
agencies to apply innovations where they are most
needed. Interaction between UCB, Caltrans, and the
prime contractor was key to the success of the re-
search. Figure 1 shows the major parties involved
in completing and documenting this project.

To best disseminate construction and traffic
management information from this reconstruction
project, UCB was present to record and document
the reconstruction process. The documentation of
the I-10 project includes an overview of the project,
traffic management strategies utilized, the
contractor’s scheduling of the project, construction
constraints, actual construction productivity and
procedures, and a comparison of estimated
productivities versus actual productivities. This in-
formation can be used by Caltrans, other agencies,
contractors, and elected officials to make decisions
on future urban reconstruction projects.

IPRF
FHWA
ACPA

UCE
PRC
CEM

poT Conmtractor
Caltrans WK,

Figure 1. Information process chart for the
case study.
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Westem Rock
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1.3 RESEARCH APPROACH

1.3.1 Preparations before Construction

Several meetings were held with the contractor and
Caltrans prior to the 55-hour construction window
on the I-10 Pomona project. These meetings focused
on gathering background information on the project,
the contractor’s proposed work plan, the availabil-
ity of resources, the proposed traffic management
strategies, and the contractor’s critical path method
(CPM) schedule. Caltrans and the contractor were
individually interviewed to determine why certain
construction methodologies and traffic management
strategies were selected. Photographic documenta-
tion was made of the site prior to construction. The
information collected from Caltrans and the contrac-
tor (the work plan, CPM schedule, and resource
availability) was put into a constructability analysis
program previously developed by the UCB research
team for Caltrans to estimate the most probable pro-
ductivity (lane-km) within the 55-hour weekend clo-
sure (1, 2). This analysis is covered in Section 4.0.

1.3.2 Data Collection during
Construction

During the I-10 55-hour weekend construction
phase, UCB had five people in Pomona with 2 or 3
people always at the construction site. UCB made
photographic documentation of all activities sur-
rounding the construction process, including the
traffic management activities, demolition, material
placement, equipment, and personnel. Detailed
record keeping and documentation were performed
in conjunction with the photography.

The on-site record keeping and documentation
focused on evaluating the construction methodol-
ogy and pavement rehabilitation processes, and on
observation of freeway traffic behavior adjacent to
the construction area. The construction methodol-
ogy evaluation included resource productivity data,
required number of resources, actual construction
process, and critical resources. The activities that
constrained the construction productivity were iden-
tified, and to the extent possible, quantified from
these observations. Traffic behavior around the con-
struction site was recorded by Caltrans and UCB to
provide data on impact of construction activity on
traffic, and on the effect of traffic management strat-
egies on delays.



1.3.3 Data Analysis after Construction

After completion of the 55-hour weekend construc-
tion, the final product delivered to Caltrans by the
contractor was photographically documented. The
actual constraints for the project were identified. The
actual CPM schedule versus the planned CPM
schedule were plotted and compared. UCB inter-
viewed Caltrans and the contractor after the project
was completed to discuss why certain changes oc-
curred during construction and what could be done
in the future to improve productivity. Based on the
information collected, Caltrans’ and the contractor’s
initial planning were compared and contrasted to
determine which assumptions were the most real-
istic for this urban reconstruction project.

The rehabilitation information for the 55-hour
weekend closure was compared with the perfor-
mance data from nighttime closures gathered from
the contractor to determine negative and positive
aspects of both options. The construction data gath-
ered by UCB was also input into the UCB
constructability model (1) for further calibration and
validation.

Caltrans shared traffic volume data measured
during the 55-hour weekend closure from their in-
ductive loop sensor system. This data was analyzed
and compared with the traffic volume data of a typi-
cal (historical) weekend. By comparing the traffic
volume of the 55-hour weekend with that of a typi-
cal weekend, the impact of the rehabilitation over a
weekend to the road users could be determined.

CHAPTER 2

2.0 MAJOR FEATURES OF
THE PILOT PROJECT

2.1 Project Background

Interstate 10, one of the most important arterial roads
connecting the east and west coasts, begins in Jack-
sonville, Florida and extends throughout the south-
ern United States and terminates in Santa Monica,
California. The segment of the I-10 running through
Southern California, commonly called the “San Ber-
nardino Freeway,” was built in the early 1960s with
a20-year design life. I-10 has a high concentration of
deteriorated concrete pavement with extensive con-
crete slab failures due to transverse and longitudinal
cracks and faulting, as illustrated in Figure 2. Traffic

volumes in this stretch of freeway are as high as
240,000 Average Daily Traffic (ADT), as illustrated
in Figure 3.

In 1998, Caltrans launched the long-life pave-
ment rehabilitation strategies (LLPRS) program to
rebuild 3,000 lane-km of concrete pavement on the
state highway network over the 10 proceeding years.
One of the main objectives of the LLPRS is to mini-
mize user delays and rehabilitate 6 lane-km over a
weekend.

Caltrans selected a 5-kilometer (3.3 mile) stretch
of the I-10 from Route 57/210 to Garey Avenue (km
post 68.2/73.5) in Pomona (Los Angeles County),
shown in Figure 4. The section of freeway was reha-
bilitated using Fast-Setting Hydraulic Cement Con-
crete (FSHCC) over a series of repeated nighttime
closures and one 55-hour weekend closure. The
project was a pilot for use of FSHCC and long-life
pavement techniques for full-scale lane replacement.
The main purposes of the pilot project were to evalu-
ate constructability of new rehabilitation techniques
that can be used to replace aged and deteriorated
concrete pavements throughout California, and to
evaluate the advantages of using FSHCC for state
highway concrete rehabilitation projects to minimize
traffic delays.

Figure 2. Typical failure of concrete pavement
on U.S. Interstate 10.

Figure 3. Typical traffic volume on U.S.
Interstate 10.
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Figure 4. Location of project in Pomona, CA.

In early 1999, Caltrans awarded a $15.9 million
contract (Contract No. 07-181304 (07-LA-10-68.2/
73.5)) to Morrison Knudsen Corporation (MK) of
Highland, CA to complete the pilot project. Four
other contractors participated in the bidding of the
project, and the second lowest bid was about
$150,000 more than the MK bid estimate. The win-
ning proposal from MK was approximately 10 per-
cent more than the engineer’s preliminary estimate.

The total volume of FSHCC was estimated at
14,000 m? to rehabilitate about 20 lane-km of con-
crete pavement. This 20 lane-km consisted of a 5-
km centerline stretch of freeway for eastbound and
westbound I-10 for lanes three and four only
(Caltrans numbers lanes starting from the median
and moving towards the outer shoulder). The reha-
bilitation contract began in April 1999 and was com-
pleted in February 2000.

2.2 Scope of the Rehabilitation

The I-10 freeway has four lanes in each direction in
the area of the project. Only minor work took place
on the two inner passenger lanes and outer auxiliary
or connector lanes. Caltrans required two of the four
lanes to remain open while rehabilitation work was

J..I.,'l.lai1r|,l :’r_htl:il: F3 __ |
"y
L5 oond ido |

A

underway. Lane Number 3 was assigned for the con-
struction access to rehabilitate Lane Number 4 and
vice versa. The inner and outer shoulders were al-
ready rehabilitated with asphalt concrete prior to the
rehabilitation of the concrete pavement lanes. The
inner shoulder was used as part of Lane Number 1
when Lane Numbers 3 and 4 were closed because
1.2m of Lane Number 2 was required to secure space
to install safety barriers (Mobile Concrete Barrier
(MCB) or cones) between the open and closed lanes
during the rehabilitation, and for the concrete screed.

The outer shoulder could not be used as a full
access lane because of a sound wall adjacent to the
shoulder which limited the shoulder width to 2 to 3
m in some locations. The outer shoulder was used
as a full access lane in areas where its width was 3
m. Where the width of the outer shoulder was lim-
ited to less than three meters, the number of access
lanes for construction was reduced to one lane. Con-
sequently, when only one full lane was available for
construction access during the rehabilitation, ve-
hicles could not pass by one another in the only
through lane. This constraint of a single access lane
for construction delayed parts of the rehabilitation
process because the demolition and paving opera-
tion interfered with each other.

For most of the 55-hour weekend, Caltrans did
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not require the contractor to remove and replace the
cement treated base (CTB) or aggregate subbase. In
several locations where the CTB was badly deterio-
rated, the slab and CTB were removed and replaced.

Figure 5 shows examples of cross sections de-
signed by Caltrans for the I-10 rehabilitation project.
Six different types of structural sections were designed
(Figure 5). They can be categorized into three groups:

e shoulder rehabilitation: asphalt concrete used
to rehabilitate shoulder

* slab replacement: 204 mm (8 in.) concrete, re
place slab only

e full depth replacement: (concrete slab and
CTB): 228 mm (9 in.) and 260 mm (10 in.) slab
with variable new CTB thickness

Although it appears that many different pave-
ment cross-sections were implemented for the I-10
project, the majority of the rehabilitation was slab
replacement. This report mainly focuses on the slab
replacement process with a limited description of
the full depth replacement option. In the case of slab
replacement, the existing 204-mm PCC slab was re-
placed with the same thickness of FSHCC. In the
case of full depth replacement, the existing 100 mm
(4-inch) CTB was replaced with a thicker fast set-
ting hydraulic cement treated base (FSHCTB) (136
to 168 mm), and the existing 204-mm (8-inch) PCC
slab was replaced with a thicker 228-mm (9-in.) or
260-mm (10-in.) FSHCC slab.

During the 55-hour weekend closure, the major
task of the rehabilitation was slab replacement. The
occasional occurrence of full depth replacement dur-
ing the 55-hour weekend closure did not slow down
the overall rehabilitation process because it occurred
in several isolated locations. Figure 6 shows a typical
design profile change for slab replacement option. In
a previous report to Caltrans by UCB, full depth re-
placement was found to be 50 percent less produc-
tive than a slab replacement only strategy (1).

2.3 Summary of the Unique Features of
the Project

The 1-10 rehabilitation project has several unique
features:

e Caltrans decided to implement one 55-hour
weekend closure versus nighttime-only clo-
sures in order to check how many lane-km of
existing PCC slab could be replaced with new
FSHCC and how a weekend closure would
impact traffic conditions in the area.

 The amount of FSHCC used on the I-10 project
as the slab replacement material was the larg-

Existing Profile Mew Profile

TR mm)
Lo, Pase {36 mm )

Concrete (203 mm
e TR (IR ma)
;Apg Base (M5 mm

S FRHCA

Figure 6. Typical change of design profile for
slab replacement option.

est volume of material used to date for pave-
ment rehabilitation by Caltrans on one project.

e The contractor used a “slab lift-out” method
as a type of “non-impact demolition” for the
concrete slab demolition operation. The slab
lift-out method was intended to protect the
underlying CTB from damage. In this tech-
nique, concrete slabs are cut into 3 pieces by
sawing prior to the 55-hour project, and the
segments are dug out by an excavator and
loaded into a 22-ton capacity end dump truck.
Caltrans hoped this “non-impact” method of
demolition would expedite the demolition
process and release the slab demolition activ-
ity from the potential constraints of the reha-
bilitation process.

¢ A Movable Concrete Barrier (MCB) was used
as a safety barrier system between traffic and
construction zone instead of rubber cones or
K-rail. Although it is quite expensive, it al-
lows for quick installation, dismantling, and
moving of the barrier system in short construc-
tion windows.

e Finally, Caltrans used incentive/disincentive
clauses and QA /QC for quality in the contract
for the first time on a concrete pavement
project. The purpose of the incentive/disin-
centive clauses were to encourage as much
rehabilitation during the 55-hour weekend
closure as possible while maintaining ad
equate quality. QA/QC construction places
responsibility for the final product quality on
the contractor because the contractor is
allowed to select the concrete mix design as
long as the final product meets Caltrans speci-
fications.

2.4 Contract Incentives/disincentives
Over last several years, a number of road agencies

have introduced alternative contracting and bidding
methods to the traditional “lowest bidder” principle



in which only the cost aspects of the contractor’s
proposal are considered for highway rehabilitation
projects. For the purpose of minimizing road user
inconvenience during rehabilitation projects, road
agencies have sought to reduce highway reconstruc-
tion times and the number of lanes to be closed by
including scheduling aspects in addition to the cost
aspects. For example, Herbsman compared the ad-
vantages and disadvantages of a) bidding on cost/
time, b) incentive / disincentive for time delay, c) bid-
ding on cost/time combined with incentive/disin-
centive, and d) lane rental (3).

The traditional low bid concept was used for the
I-10 project overall, but incentive and disincentive
conditions were applied to the segment to be built
in the 55-hour extended weekend closure to encour-
age the contractor to achieve the rehabilitation pro-
duction objective. The following paragraph from
the of the I-10 project contract demonstrates how the
incentives/ disincentives worked (4):

“Incentive payment will be made to the
Contractor in the amount of $600 per lane
meter, for each lane meter replaced, which is in
excess of 2,000 lane meters, and which is
replaced during the 55 hour extended weekend
closure. Disincentive deduction will be as-
sessed the Contractor in the amount of $250 per
lane meter for each lane meter less than 2,000
lane meters that the Contractor replaces during
the 55 hour extended weekend closure. One
lane meter is defined as one meter long of the
full width of one slab within longitudinal joint.
The total of all incentive payments that the
Contractor may receive from the designated
portion of work will not exceed $500,000.”

In addition to the incentives/disincentives
clauses, a relatively severe liquidated damages
clause was provided in the contract to make sure
the 55-hour weekend closure would be completed
as scheduled:

“Should the Contractor fail to provide all lanes
ready for use by public traffic at the end of the
55 hour extended weekend closure, liquidated
damages will be assessed by the Department as
follow: For each 10 minute period, or fraction
there of, that all lanes are not available for use
by public traffic, the amount of liquidated
damages assessed will be $10,000.”

2.5 7- and 10-Hour Nighttime Closures

Most of the 20 lane-km segment to be rehabilitated
was planned to be rebuilt with 7-hour or 10-hour

nighttime closures except for the 2.8 lane-km stretch
that was to be replaced during the 55-hour week-
end closure pilot project. Work completed in 7- and
10-hour nighttime closures consisted of replacing
individual and multiple slabs in a row.

As indicated in Table 1, two types of nighttime
closure were implemented as basic construction win-
dows. Ten-hour nighttime closures took place from
10 p.m. to 8 a.m., while 7-hour nighttime closures went
from 9 p.m. to 4 a.m. For the eastbound freeway (out
of downtown Los Angeles), 10-hour closures were
used during the whole week (weekday and weekend
nights). For the westbound lanes, 7-hour closures were
applied during weekday nights because of greater traf-
fic volumes heading to downtown Los Angeles, and
10-hour closures were used during weekend nights.
Overall, 10-hour closures covered approximately 64
percent of the nighttime closures and 7-hour closure
covered the remaining 36 percent.

2.5.1 Nighttime Closure Productivity

In terms of nighttime closure productivity, the con-
tractor rebuilt on average 50 slabs, and at best 60 slabs
per 10-hour nighttime closure. The 7-hour closure
productivity was much less than 10-hour closure. MK
could only replace about 15 slabs on average with a
maximum of 20 slabs and 6 slabs in the worst case.
The slow productivity of 6 slabs during a 7-hour clo-
sure resulted from having to skip and jump around
slabs in some areas, which wasted time for mobiliza-
tion/demobilization and the alignment of equipment
such as the self-propelled gang drill units for the drill-
ing of tie bars. The comparison of productivity be-
tween these two different nighttime closures is
covered in more detail in Section 2.7.

The summary of the typical scheduling of the
nighttime closure:

* Auxiliary work: 5 hours
- mobilization & traffic setup: 1/2 hour
- curing: 4 hours
- clean & demobilization: 1/2 hour
*  Main work (demolition, concrete delivery, and
paving)
- 7-hour closure: 2 hours
- 10-hour closure: 5 hours

2.5.2 Resources Involved in Nighttime
Closures

The details of the major resources involved in the
nighttime closures are summarized in Table 2. Based



Table 1. Comparison of nighttime closures

T-hour Closure 10-hour Closure
Closed Time 9 pm — 4 am. 10 p.m. — 8 a.m.
Direction Westhound Eastbound (whole week)
{weekday) Westhound (weekend)
Percent of Nighttime Hours | 40% 60%
Productivity 75 10
(slabs* per hour)
I 13,'|'.i|1::i] Pmnfluclu}n 15 50
(Slabs per Closure)

(* Note: typical panel size is 0.2m thick x 3.6 m width x 4.5 m length)

Table 2. Details of major resources involved in the nighttime closure

Resource Capacity

Number mobilized

Dump truck 22 ton

7 trucks with one excavator

Mixer truck 8 cubic vard

4 — B mixers

Batch plant

220 cubic vard per hour |

Paving machine

Hand operated screed

| plus | standby

on experience, the contractor used the number of
resources listed in Table 2. The number of resources
mobilized for nighttime closures was less than half
of that required for the 55-hour weakened closure
because of a higher number of limiting constraints,
such as shorter available work duration, construc-
tion access, and space limitation.

Originally, a Moveable Concrete Barrier (MCB)
was going to be used as the safety barrier between
the open and closed lanes for both types of nighttime
closure and the one weekend closure. However, a stor-
age area for the MCB along the freeway outer shoul-
der was not made available in most cases, so rubber
cones were used during nighttime closures. Using
rubber cones on nighttime closures was inexpensive,
simpler to install, and took less time, however, cones
could not provide the same level of safety as the MCB.
During the 55-hour weekend closure, the MCB was
used as the safety barrier between live traffic and the
construction zone. The MCB was required in the
specifications because road users and construction
workers were going to be exposed to potential haz-
ards during the 55-hour continuous closure.

2.6 55-hour Extended Weekend Closure

The 55-hour weekend closure began at 10 p.m. on
Friday, October 22, 1999 and the rehabilitated lanes
were opened to live traffic again at 5 a.m. Monday,
October 25, 1999. During the 55-hour weekend clo-
sure, 2.8 lane-km of deteriorated concrete slabs were
to be removed and replaced in Lane Number 3. The
location of the project was on eastbound I-10 be-
tween Fairplex Drive exit (station 704+80) and Garey
Avenue exit (station 736+05), as shown in Figure 7.
The purpose of the first 51 hours of the 55-hour
weekend closure was to replace existing 204-mm
concrete pavement slabs (PCC) in Lane Number 3
with the same thickness of new FSHCC. In areas
where the base was seriously damaged from mois-
ture and erosion, Fast Setting Hydraulic Cement
Treated Base (FSHCTB) was used to replace the ex-
isting base (full depth replacement option). The
same mix was used for concrete base and slab. For
this 2.8 lane-km stretch, Lane Number 4 had previ-
ously been rehabilitated through nighttime closures.

Figure 8 shows a plan view of the freeway and
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Figure 7. Detailed layout of the I-10 project.

the lane closure tactics utilized during the pavement
rehabilitation.

Two out of the four lanes remained open while
rehabilitation work was underway. In the first kilo-
meter of the project, two lanes were assigned for
construction access, Lane Number 4 as a main ac-
cess lane and the shoulder as an auxiliary access.

For the remaining two-thirds of the project, only
Lane Number 4 was assigned as the construction
access. The width of the outer shoulder varied from
2 to 3 meters with an adjacent sound wall. The re-
duction in the number of access lanes significantly
impacted the demolition operation because trucks
entering or exiting the demolition area were blocked
by other trucks being loaded with the removed con-
crete slabs.

In the design stage, Caltrans surveyed the exist-
ing pavement structure to assess the condition of the
pavement and especially to check the CTB. Based
on the survey results, the Caltrans design team pro-
duced drawings that laid out the rehabilitation for
each section of freeway as shown in the example

Fasthotmgd Directio e

i6m | Traffic Lune fl————» |
Traffic Lane 2 —————» |

34um|

o, | Rehabilitated Lane (#3) win
H.Isant Constructhon Traflic Lane (#4)
3.4l Shoulder (parking arca)

Figure 8. Plan view of lane closure tactics.

drawing in Figure 9. When read in conjunction with
the pavement cross-sections (Figure 5), the draw-
ings are clearly marked as to which slabs should
receive which type of rehabilitation. With the draw-
ings of proposed rehabilitated slabs, the contractor
knew where to apply the two main types of reha-
bilitation processes (full depth replacement or slab
replacement only).

For the pilot project, which specified either Lane
Number 3 or Lane Number 4, the contractor pre-
ferred to rehabilitate Lane Number 3 because of the
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Table 3. Comparison of productivity for different construction windows

Highﬂimi: Closure

| Weekend Closure

T-hour Closure

10-howur Closure S5 hour Closure

MNet working hours

islabs per hour)

. 2 hours 5 hours 43 hours
[ conerete pouring )
Auxiliary hours
(mobilization/curing 5 hours 5 hours B hours
demobilization)
MNumber of slabs replaced | 15 0 Gl
Productivity 7% 10 14

T dump trucks

Major resources .
. 4 mixer trucks

T dump trucks
® mixer trucks

21 dump trucks
12 maxer trucks

more efficient construction access. In the rehabilita-
tion of Lane Number 3, two full access lanes are
available except for areas where the sound wall ex-
ists adjacent to shoulder. When the two access lanes
are located all on one side, more mobility is afforded
to the contractor in manipulating demolition and
delivery trucks. If the contractor decided to reha-
bilitate Lane Number 4 instead of Lane Number 3,
the productivity of the rehabilitation would be less
because the two access lanes, Lane Number 3 and
the shoulder, would have to be split apart.

After the 55-hour weekend closure, project en-
gineers for the contractor commented that if the con-
tractor had been provided with two full construction
access lanes from the beginning to the end of the
project, significantly more production could have
been achieved. Ina UCB study delivered to Caltrans,
one of the major constraints limiting the rehabilita-
tion production was found to be the number of ac-
cess lanes available to the contractor (1).

2.7 Production Comparison of Weekend
Closure with Nighttime Closures

Nighttime and weekend closures have both positive
and negative aspects from a production and traffic
inconvenience point of view. A detailed comparison
for the two nighttime closures (7 and 10 hours) and
the 55-hour weekend closure is summarized in Table
3, especially focusing on the productivity, i.e., how
many slabs could be replaced per hour during each

11

different construction windows. The definition of
productivity used in Table 3 is based on the average
number of slabs replaced per hour without consid-
eration of the number of resources involved in the
specific rehabilitation process.

Table 3 shows that the additional three hours of
work in the 10-hour closure versus 7-hour closure
greatly enhance the productivity of the nightly op-
eration (50 slabs versus 15 slabs replaced). This can
be further extrapolated to 55-hour weekend closures
where mobilization, demobilization, and curing times
become a smaller percentage of the total project length
and thus more production can be achieved. In terms
of the number of slabs replaced per hour, the 55-hour
weekend closure was 54 percent more productive
than the average nighttime closure.

Approximately 2,300 m* of FSHCC was used for
the rehabilitation during the 55-hour weekend closure,
which was about 16 percent of the total concrete vol-
ume of 14,000 m? for the entire rehabilitation project.

The entire rehabilitation project took 10 months
to complete. Yet, in one 55-hour weekend closure,
16 percent of the total material used in the rehabili-
tation project was placed. The high productivity of
the weekend closure demonstrated it to be an effi-
cient alternative to nighttime only closures for both
the road users and Caltrans.

The amount of the rehabilitation work done over
the 55-hour extended closure would have normally
taken approximately 16 days of nighttime lane clo-
sures to complete based on the average nighttime
closure window, as shown on the next page.



Productivity of the weekend closure compared to nighttime closures

» Eastbound Nighttime Closures = 7 days of 10-hour closures per week
s Westbound Nighttime Closures = 2 davs of 10-hour closures and 5 days of 7-hour
clos